Background Postoperative pain after major knee surgery can be severe. Our aim was to compare the outcomes of epidural analgesia and peripheral nerve blockade (PNB) in patients undergoing total knee joint replacement (TKR). Moreover, we aimed to compare outcomes of adductor canal block (ACB) with those of femoral nerve block (FNB) after TKR. Methods We conducted a systematic search of electronic information sources, including MEDLINE; EMBASE; CINAHL; and the Cochrane Central Register of Controlled Trials (CENTRAL). We applied a combination of free text and controlled vocabulary search adapted to thesaurus headings, search operators, and limits in each of the above databases. Pain intensity assessed on visual analogue scale (VAS), nausea and vomiting, systolic hypotension, and urinary retention was the reported outcome parameters. Results We identified 12 randomised controlled trials (RCTs) comparing outcomes of epidural analgesia and PNB reporting a total of 670 patients. There was no significant difference between two groups in VAS scores at 0-12 h (MD -0.48; 95 % CI -1.07-0.11, P = 0.11), 12-24 h (MD 0.04; 95 % CI -0.81-0.88, P = 0.93), and 24-48 h (MD 0.16; 95 % CI -0.08-0.40, P = 0.19). However, epidural analgesia was associated with significantly higher risk of postoperative nausea and vomiting (RR 1.65; 95 % CI, 1.20-2.28, P = 0.002), hypotension (RR 1.76; 95 % CI, 1.26-2.45, P = 0.0009), and urinary retention (RR 4.51; 95 % CI,, P \ 0.0001) compared to PNB. Moreover, pooled analysis of data from 6 RCTs demonstrated no significant difference in VAS score between ACB and FNB at 24 h (MD -0.00; 95 % CI, -0.56-0.56, P = 0.99) and 48 h (MD -0.06; 95 % CI, -0.14-0.03, P = 0.23).
Introduction
Postoperative pain after major knee surgery can be severe [1] . Total knee joint replacement (TKR) is associated with moderate to severe postoperative pain which can contribute to immobility-related complications, delay in hospital discharge, and interfere with functional outcome [1, 2] . In addition to good pain relief and comfort, a good analgesia with minimal adverse effects can assist early mobility, reduce the length of hospital stay, and improve overall recovery [3] .
The use of regional anaesthesia for major orthopaedic surgery is now well established. Regional analgesia has been proved to reduce postoperative morbidity compared to general anaesthesia alone [4] . Continuous epidural analgesia has been a popular regional analgesia for a considerable period. It has been demonstrated to reduce blood loss and thromboembolic complications in orthopaedic surgery [5] . Compared with opioids, epidural analgesia is associated with better dynamic pain scores but more frequent hypotension, urinary retention, and pruritis [6] .
Peripheral nerve blockade (PNB) involves placement of a needle and catheter under ultrasound guidance at peripheral locations in order to block one or more major nerves of lower limbs (femoral ± sciatic nerve, lumbar plexus) [1] . PNB can provide effective unilateral analgesia with a low incidence of opioid-related and autonomic side effects. Moreover, as ultrasound-guided needle and catheter placement are associated with much accurate needle placement [7] , PNB may have lower risk of serious neurological complications compared with epidural analgesia.
Findings of a meta-analysis of 8 randomised controlled trials (RCTs) in 2008 indicated that PNB represented the best balance between analgesia and side effects for major knee surgery postoperatively [1] . More RCTs have been published since 2008. Our objective was to undertake a comprehensive review of the literature and conduct an analysis of the outcomes to compare epidural analgesia with PNB in patients undergoing TKR. Moreover, we aimed to conduct a subgroup analysis for PNB to compare outcomes of adductor canal block (ACB) as a relatively newer technique with those of femoral nerve block (FNB).
Methods

Design and study selection
The criteria for study selection, methods of analysis, and investigated outcomes were pre-specified and documented in a review protocol. The review conformed to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement standards [8] .
We selected RCTs comparing the outcomes of epidural analgesia with those of PNB in patients undergoing TKR. TKR is defined as a surgical procedure which involves replacing the knee joint with artificial components to reduce pain and increase function. Patients of any age and gender undergoing TKR for osteoarthritis and rheumatoid arthritis were considered.
The intervention of interest was epidural analgesia which was used to provide postoperative pain relief after knee replacement surgery. Epidural agents were included if they were: long acting agents (for example, morphine) given in the intraoperative period, or agents given as boluses or infusions in the postoperative period. The primary intervention was compared with PNB including femoral nerve, sciatic nerve or lumbar plexus blocks, or the three-in-one technique (blocks the femoral nerve, the obturator nerve, and the lateral femoral cutaneous nerve). Moreover, we conducted a subgroup analysis for PNB to compare ACB with FNB. We considered either single shot or continuous administration of peripheral nerve blocks via a catheter and a pump.
Primary outcome parameters were defined as pain intensity assessed on a 10-mm visual analogue scale (VAS) on the day of surgery and within the 48 h following surgery. This was categorised into three time intervals: 0-12, 12-24, and 24-48 h at rest or on movement. The pain intensity data described by other means than a 10-mm VAS were standardised to such a scale. Perioperative adverse effects including nausea and vomiting, systolic hypotension, urinary retention, infection, and numbness, knee range of motion after surgery, and length of hospital stay were defined as the secondary outcome parameters.
Literature search strategy
Two authors (AG and SH) independently searched the following electronic databases: MEDLINE, EMBASE, CINAHL, and the Cochrane Central Register of Controlled Trials (CENTRAL). The last search was run on 05 August 2016. The search strategy, which was adapted according to thesaurus headings, search operators, and limits in each of the above databases, is outlined in ''Appendix''. We searched the bibliographic lists of relevant articles and reviews for further potentially eligible trials.
Selection of studies
Two authors (AG and SH) independently assessed the title and abstract of articles identified through literature searches. The full texts of relevant reports were retrieved, and those articles that met the eligibility criteria of our review were selected. We resolved discrepancies in study selection by discussion between the review authors. An independent third review author (SH) was consulted in the event of disagreement.
Data extraction and management
We created an electronic data extraction spreadsheet in line with the Cochrane's data collection form for intervention reviews. We pilot-tested the spreadsheet in randomly selected articles and adjusted it accordingly. Our data extraction spreadsheet included the following information:
• Study-related data (first author, year of publication, country of origin of the corresponding author, study design, study size, and type of anaesthetic, type of PNB).
• Baseline demographic and clinical information of the study populations [age, gender, ASA, and body mass index (BMI)]. • Primary and secondary outcome data.
Two authors (AG and BB) independently collected and recorded data in the data extraction spreadsheet. Disagreements were resolved by discussion. If no agreement could be reached, a third author (SH) was consulted.
Assessment of risk of bias
The methodological quality and risk of bias of the included articles were assessed independently by two authors (SH and PA). We planned to use the Cochrane's tool [9] . The Cochrane's tool assesses the following domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other sources of bias and, for each individual domain, classifies studies into low, unclear, or high risk of bias. We resolved disagreements by discussion between the two assessing authors. If no agreement could be reached, a third reviewer (SH) acted as an adjudicator.
Summary measures and synthesis
Our primary outcome was continuous parameter; therefore, we calculated the mean difference (MD) between the epidural and nerve block groups. Similarly, we calculated the MD between the ACB and FNB groups. The secondary outcomes were dichotomous variables; therefore, we calculated the risk ratio (RR) as the summary measures. The RR is the risk of an adverse event in the epidural group compared to the PNB group. A RR of less than one would favour the epidural group.
We used the individual patient as the unit of analysis. We recorded information about dropouts, withdrawals, and other missing data and, if not reported, we contacted the study authors. The final analysis was based on intention-to-treat data from the individual clinical studies where possible.
We used the Review Manager 5.3 software for data synthesis. [9] The extracted data were entered into Review Manager by the first independent author (SH) and checked by a second independent author (SH). We used randomeffect or fixed-effect modelling, as appropriate, for analysis. We applied random-effect models if considerable heterogeneity among the studies, as defined by Higgins et al. [9] was identified. The results were reported in a forest plot with 95 % confidence intervals (CIs).
Heterogeneity among the studies was assessed using the Cochran Q test (v 2 ). We quantified inconsistency by calculating I 2 and interpreted it using the following guide: 0-25 % might not be important; 25-75 % may represent moderate heterogeneity; and 75-100 % considerable heterogeneity. We planned to construct funnel plots and evaluate their symmetry to visually assess publication bias, as long as a sufficient number of studies (more than 10) were available.
Additional analyses were planned to explore potential sources of heterogeneity and assess the robustness of our results. For each outcome, we repeated the primary analysis using random-effect or fixed-effect models. In addition, we calculated the pooled OR, RR, or RD for each dichotomous variable. We assessed the effect of each study on the overall effect size and heterogeneity by repeating the analysis after removing one study at a time.
Results
Literature search results and study characteristics
Literature searches via the databases identified 339 articles. Following screening titles or abstracts, or both, and after assessing the full texts of relevant reports, 12 RCTs [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , reporting a total of 670 patients were included ( Fig. 1 ). Epidural analgesia was performed in 335 patients. Similarly, 335 patients underwent PNB. Furthermore, we identified 6 RCTs [22] [23] [24] [25] [26] [27] comparing the outcomes of ACB and FNB after TKR. They reported a total of 561 patients of whom 235 patients had ACB and 296 patients had continuous FNB.
The date and country of publication, journal, study design, procedure performed, anaesthesia used, type of peripheral nerve block, and postoperative analgesia are presented in Table 1 . With regard to type of PNB, eight studies used femoral nerve block, one study used femoral and sciatic nerve block, one study used femoral and single injection tibial nerve block, and two studies used lumbar plexus nerve block. Baseline demographic and clinical characteristics of the study populations are outlined in Table 2 . Patients in the epidural and nerve block groups were of comparable age and proportion of male patients. Reporting of ASA score was variable, with little difference between the groups. The majority of the included patients had ASA score of 2 ( Fig. 2 ). Figure 3 presents the risk of bias assessment of the included 12 RCTs. There were low risk of attrition and reporting bias in all 12 RCTs. Selection bias were low in 10 studies and unclear in 2 studies. In fact, 2 studies did not provide any data regarding the random sequence generation or allocation concealment. Performance bias was high and unclear in 10 and 2 studies, respectively. Moreover, detection bias was high in 5 studies, unclear in 4 studies, and low in 3 studies.
Methodological appraisal
Epidural versus PNB
Outcomes are summarised in Fig. 3 .
VAS 0-12
Seven studies reported VAS score at 0-12 h. The pooled analysis of 348 patients demonstrated that there was no significance difference in VAS score between the epidural and PNB groups at 0-12 postoperative hours (1.69 vs 2.29, MD -0.48; 95 % CI, -1.07-0.11, P = 0.11). Considerable heterogeneity existed among the included studies (I 2 = 89 %, P = 0.00001).
VAS 12-24
This outcome was reported by 8 studies. Our pooled analysis included 451 patients. There was no significant differences between the two groups in VAS score at 12-24 h postoperatively (3.15 vs 3.16, MD 0.04; 95 % CI, -0.81-0.88, P = 0.93). There was significant heterogeneity among the included studies (I 2 = 94 %, P \ 0.00001).
VAS 24-48
Seven studies, including 392 patients, reported this outcome. VAS score at 24-48 h was not significantly different 
Nausea and vomiting
Nine studies (433 patients) reported nausea and vomiting as an outcome. Sixty-six patients in the epidural group developed nausea or vomiting, whereas 39 patients in the PNB group had such symptoms. The epidural anaesthesia significantly increased nausea and vomiting (30.56 vs 17.97 %, RR 1.65; 95 % CI, 1.20-2.28, P = 0.002). Low heterogeneity among the included studies existed (I 2 = 0 %, P = 0.86).
Hypotension
Postoperative hypotension was reported by nine studies. A total of 99 patients developed hypotension, 63 in the epidural groups, and 36 in the nerve block groups. The pooled analysis of 511 patients demonstrated that epidural anaesthesia was associated with a significantly increased risk of postoperative hypotension when compared to PNB (24.60 vs 14.11 %, RR 1.76; 95 % CI, 1.26-2.45, P = 0.0009). No significant heterogeneity among the included studies existed (I 2 = 0 %, P = 0.08).
Urinary retention
Seven studies (331 patients) reported urinary retention as an outcome. There were 37 and 7 urinary retentions in the epidural and PNB groups, respectively. The incidence of urinary retention was significantly higher in the epidural group (22.42 vs 4.22 %, RR 4.51; 95 % CI, 2.27-8.96, P \ 0.0001). There was no significant heterogeneity among the included studies (I 2 = 0 %, P = 0.96).
The available data regarding the other outcomes were not appropriate for analysis.
ACB versus FNB
Outcomes are summarised in Fig. 4 .
VAS at 24 h
All 6 studies (561 patients) reported VAS score at 24 h. Our pooled analysis demonstrated that there was no significant difference in VAS score at 24 h between the ACP and FNB groups (2.69 vs 2.60, MD -0.00; 95 % CI, -0.56-0.56, P = 0.99). Heterogeneity among the included studies was not significant (I 2 = 92 %, P \ 0.00001). 
VAS at 48 h
Four studies evaluated VAS score at 48 h post-TKR. The pooled analysis of 419 patient showed no significant differences in VAS score at 48 h between both groups (2.96 vs 2.84, MD -0.06; 95 % CI, -0.14-0.03, P = 0.23).
There was low between-study heterogeneity (I 2 = 0 %, P = 0.55). The 6 included studies did not provide appropriate data for analysis on postoperative complications.
Sensitivity analyses
The use of random-effect or fixed-effect models did not affect the pooled effect size in any of the outcomes, except VAS score at 0-12 h. There was a significant difference in VAS score at 0-12 h between epidural and PNB groups in favour of the former when fixed-effect model was applied but not when random-effect model was used. Considering the significant heterogeneity (89 %) in this analysis, random-effect model was deemed more appropriate. The direction of pooled effect size remained unchanged when OR, RR, or RD were calculated for nausea and vomiting, hypotension, and urinary retention. Removal of one study at a time affected the direction of pooled effect size in the analyses of hypotension, VAS score at 0-12 h, and VAS score at 24-48 h. In fact, removal of Davies et al. [14] made the results statistically significant in favour of epidural analgesia. Moreover, in the analysis of VAS score at 0-12 h, removal of Long et al. [17] made the results statistically significant in favour of epidural analgesia. Furthermore, when Shanthanna et al. [20] was removed from the analysis of VAS score at 24-48 h, the direction of pooled effect size was changed in favour of PNB. Finally, removal of Davies et al. [14] from the analysis of VAS score at 12-24 h reduced the heterogeneity from 94 to 75 %. 
Discussion
We undertook a comprehensive literature review and analysis of the data, identifying 12 RCTs, reporting a total of 670 patients undergoing TKR of whom 335 had epidural analgesia and 335 had PNB. Our subsequent analysis demonstrated that there was no significant difference in postoperative VAS score at 3 different time intervals (0-12, 12-24, 24-48 h) between epidural analgesia and PNB.
However, epidural analgesia was associated with significantly higher rates of postoperative nausea and vomiting, hypotension, and urinary retention. The between-study heterogeneity in the analyses of VAS score at 24-48 h, nausea and vomiting, and urinary retention was not significant which makes our conclusion about these outcomes robust. Also, our analysis of 6 RCTs, reporting a total of 561 patients, showed that ACB is as effective as continuous FNB after TKR as reflected by similar VAS score at 24 and 48 h postoperatively. With regard to VAS score, our results are consistent with findings of the previous systematic review and metaanalysis conducted by Fowler et al. [1] in 2008. They included 8 RCTs in their studies and found no significant difference in VAS score between epidural analgesia and PNB. However, they did not find any significant difference in nausea and vomiting between both groups, whereas we demonstrated that the epidural analgesia increased postoperative nausea and vomiting. We included 4 more RCTs in addition to their included studies and the between-study heterogeneity remained non-significant. Similar to the study of Fowler et al. [1] , we found an increased risk of postoperative hypotension associated with epidural analgesia compared to PNB. However, there was an inconsistency in the number of hypotensive episodes in our forest plot and their forest plot regarding the study of Barrington et al. [15] , and we included 5 episodes in the epidural group, whereas they included only 1 episode. After careful checking the study of Barrington et al. [15] , our number was found to be correct. The definition of hypotension varied between the included studies. Davies et al. [14] defined hypotension as a systolic blood pressure of less than 100 mmHg, while Shanthanna et al. [20] considered systolic blood pressure of less than 90 mmHg as a hypotensive episode. Capdevila et al. [11] defined systolic hypotension as more than 20 % decrease in the preoperative mean blood pressure value. These may explain the existence of moderate between-study heterogeneity in the analysis of hypotension. Urinary retention was not analysed in the study of Fowler et al. [1] as only 2 of their included studies reported such outcome. We have conducted a separate analysis for urinary retention which demonstrated an increased risk of urinary retention associated with epidural analgesia. Epidural analgesia acts on the sacral and lumbar nerve fibres, inhibiting the transmission of afferent and efferent nervous impulses from and to the bladder which increases the risk of urinary retention. [21] The onset and the duration of the block would depend on the pharmacokinetic properties of the local anaesthetic used. [28] Postoperative epidural ropivacaine 0.2 % at different infusion rates has been demonstrated to be associated with increased risk of urinary retention after anterior cruciate ligament repair [29] . Consistent with these findings, most of our included studies used ropivacaine with or without sufentanil. The use of sufentanil in combination with different concentrations (0.06 and 0.12 %) of bupivacaine has been shown to increase the incidence of postoperative urinary retention in patients receiving patient-controlled epidural analgesia after major orthopaedic surgery. [30] In their meta-analysis, Choi et al. [6] compared outcomes of epidural analgesia with systemic analgesia for postoperative pain control following hip or knee replacement surgery. They demonstrated that in the first 4-6 postoperative hours, epidural analgesia was associated with significantly lower VAS score compared to systemic analgesia; however, there was no significant differences between two groups in VAS score at 18-24 h. Moreover, there were no significant differences in nausea or vomiting between their epidural and systemic analgesia groups. This is consistent with the findings of Fowler et al. [1] but in disagreement with our findings. However, similar to our finding, urinary retention and hypotension were more frequent in the epidural group.
On the other hand, PNB has been compared with systemic analgesia as well. Richman et al. [31] meta-analysed 19 studies and demonstrated that PNB was associated with significantly lower VAS score at 48 and 72 h compared to opiates. Furthermore, nausea and vomiting were significantly less frequent in the nerve block group.
We have demonstrated that ACB is as effective as FNB in postoperative analgesia in patients undergoing TKR. A recent meta-analysis conducted by Gao et al. [32] , demonstrated that ACB may achieve faster mobilisation ability recovery for patients undergoing TKR when compared to FNB. This highlights that ACB has a great potential to be considered as a first-line choice of PNB after TKR. Future research may provide stronger evidence in favour of ACB.
The results of our study should be interpreted in the context of its limitations. Although our meta-analysis benefits from including only RCTs, the gold standard study design for comparative studies, detection bias were high in 5 studies and unclear in 4. Moreover, the available data did not allow us to analyse some of our secondary outcomes including infection and numbness, knee range of motion after surgery, and length of hospital stay. These are indeed important outcomes which, undoubtedly, can determine advantages or disadvantages of an intervention. Finally, our study aimed to mainly focus on VAS score and postoperative complications. However, there are several other outcomes that can be evaluated such as success rate of each procedure, neurological complications.
Conclusions
Our analysis has demonstrated that PNB is as effective as epidural analgesia regarding the postoperative pain management in patients undergoing TKR. Moreover, it is associated with significantly lower postoperative complications. There is a growing evidence in favour of using PNB as the more attractive choice of analgesia after major knee surgery as reflected by production of consistent results by metaanalyses. Furthermore, we demonstrated that ACB is an attractive choice of PNB with similar effectiveness as continuous FNB. Future RCTs may provide more homogenous data regarding knee range of motion after surgery, length of hospital stay, and neurological complications which can facilitate meaningful meta-analysis of these outcomes.
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